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Overview 
•  Great Plains fishes 
•  Whitewater park hydraulics 
•  Fish swimming ability and behavior 
•  Possible solutions 
–  Ecology and site selection 
–  Adapt designs to target species 
•  How biologists can contribute 
•  Engineering approaches 
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Great Plains Fishes 
•  Vary by size, lifespan, and reproductive strategy 
•  Necessity for movement common to all 
–  Diverse habitat requirements 
•  Refuge 
•  Foraging 
•  Spawning 
–  Recolonization of empty habitats 
Photo: Erin Smith http://water.usgs.gov 
Do We Need Fish Passage? 
•  Short answer: usually, yes 
•  Tolerance of fragmentation varies by species 
–  Intermittency common in Great Plains streams 
•  Multiple cases of extinctions due to barriers 
–  Montana, Oklahoma, Colorado 
•  Population viability also reduced 
Whitewater Park Hydraulics 
and Fish Passage 
•  High velocities 
•  High turbulence 
•  Unpredictable 
flow fields 
•  Unusual bed 
configuration 
Hydraulics and the  
River Continuum Concept 
•  WWPs use 
hydraulic 
features of 
headwaters 
•  Not all fish are 
accustomed to 
these features 
Church, 2002 
Swimming Ability & Habitat 
WWP Velocity and Swimming   
Ability 
•  Velocities in excess of 3 m/s 
–  Sprinting ability of most small 
fishes < 1 m/s 
–  Comparing velocities to sprint 
ability not sufficient for fish 
passage 
•  Positive ground velocity needed 
•  Distance  
•  Swimming gaits  
Swimming Performance 
•  Tolerance is species-specific 
–  Few studies to date 
•  Some lab studies show that river fishes use 
turbulence to save energy 
•  Some small fishes can tolerate high turbulence 
–  Species studied extend to foothills/mountains 
–  Less known about Eastern Plains species 
•  Turbulence can reduce swimming performance 
•  Aspects of turbulence that matter  
–  Intensity, orientation, periodicity, and scale 
•  Implications for fishway design: vertical vortices 
Turbulence & Tolerance 
Turbulence & Tolerance 
•  Measures of turbulence in design 
•  Numeric information limited 
•  WWP values high 
Laboratory  
Rock Ramps 
Natural 
Pools 
WWP 
Pools 
TKE > 0.001 – 0.19 0.03 – 0.21 0.19 – 0.51 
•  Higher turbulence in experimental rock 
ramps may have reduced passage 
success of small native fishes 
Turbulence and Fish Passage 
Success 
Species Success Rates 
Sprinting 
ability 
Rock Ramp 
Velocities 
(m/s) 
Longnose sucker 88 – 92%  0.80 m/s 
- 0.01 – 1.28 Longnose dace 31 – 38%  0.70 m/s 
Johnny darter 0 – 5%  0.70 m/s 
Unusual Bed Profiles 
•  Swimming behaviors 
•  Some behaviors incompatible with WWP 
structures 
–  Avoidance of vertical weirs,  
–  Avoidance of deep pools 
•  Other behavioral considerations… 
–  Avoidance of predation 
•  Swimming behaviors unknown for many 
Great Plains natives 
Solutions… 
•  Hierarchical thinking 
in site selection 
•  Create structures that 
allow target species 
to pass 
–  Biological and 
ecological input 
–  Timing of WWP 
operations 
–  Partial use of channel 
http://www.americanwhitewater.org 
http://www.city-data.com 
Hierarchical Thinking… 
Flow Regime 
Sediment Regime 
Temperature 
LARGE SCALE LOCAL SCALE 
Channelization 
Local habitat 
Fragmentation 
Water quality 
•  Limiting factors to fish populations are 
hierarchical 
•  Large-scale limiting factors may prevent 
persistence of sensitive species 
–  Fragmentation = medium to local scale factor 

Hierarchical Thinking… 
•  Select sites where passage is not needed 
–  Sometimes fish passage is not practical or 
necessary 
–  Sometimes passage is not desirable 
http://www.freep.com 
Designs That Accommodate 
Resident Species 
•  Studies of Great Plains fish swimming 
performance are increasing 
•  Results often used in fishway design 
http://www.mclaughlinwhitewater.com 
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